I
ntroduced in the 1980s, modular stems offered independent intraoperative control of offset and anteversion. But titanium alloy modular stems had insufficient fatigue strength, and some of these implants fractured after only brief periods in service. Although cobaltchromium alloy stems improved upon implant fatigue strength, these stems were associated with adverse local tissue reactions (ALTRs) caused by implant corrosion and fretting. These local tissue reactions are histologically similar to those seen in metalon-metal THAs, which resulted in additional metallosis and soft-tissue damage.
We have seen increased reporting of ALTRs secondary to THA fretting and corrosion over the past decade [1, 5] . ALTR has been associated in revision retrieval studies with factors like trunnion geometry, femoral head diameter, neck length, and length of implantation [4, 7] ; loading patterns likely matter as well, since higher corrosion and fretting scores were observed at the distalmedial region of modular femoral necks in one report [2] .
The current study by Lange and colleagues [8] assessed fretting and corrosion in well-functioning THAs and, as such, deserves our attention. The authors evaluated 56 postmortem modular stems with either 12/14 or 14/16 tapers and either metal-on-polyethylene or ceramicon-polyethylene bearing surfaces. The authors reported no association between trunnion geometry or head material and pull-off force (an indirect estimate for trunnion damage), and no association between either head diameter or neck length and stem damage score.
Where Do We Need to Go?
The current study's results seemingly deviate from most of what has been reported in explanted modular stems during revision THA. The reasons for this difference are unknown and deserve further investigation.
Modular stem fretting and corrosion has been a research focus for quite some time. While the sequelae of metal ion-induced ALTR can be devastating [1, 5] , fretting and corrosion induced ALTR is a relatively uncommon complication, with a prevalence rate of only 1 to 3% [1] [2] [3] . Although the use of modular stems may confer intraoperative flexibility and provide enhanced hip function with fewer complications in the revision setting, there are still reservations to their widespread use. Put in this context, one should ask: What is the actual impact of different modular head-neck stem types on total costs, after one has accounted for the expected incidence of adverse events and need for revision?
This CORR Insights ® is a commentary on the article "Do Well-functioning THAs Retrieved at Autopsy Exhibit Evidence of Fretting and Corrosion?" by Lange and colleagues available at: DOI: 10.1097/CORR. 0000000000000369. The author (RED) received research support during the study period, an amount of USD 10,000 to USD 100,000 from Orthofix Inc (Lewisville, TX, USA); USD 10,000 to USD 100,000 from Stryker Corp (Kalamazoo, MI, USA); and less than USD 10,000 from United Orthopedic Corporation (Irvine, CA, USA). The author (RED) was a paid consultant for Corin USA (Tampa, FL, USA), an amount of USD 10,000 and 100,000, and Cayenne Medical Inc. (Scottsdale, AZ, USA), an amount less than USD 10,000. When determining which implants to use in THA, surgeons may prefer ceramic heads [7] or titanium stems as a means of minimizing corrosion and fretting. Although the current study suggests modular head-neck junction stems to limit corrosion and fretting, the use of other stem and head types is still acceptable and should be considered in younger patients and in more straightforward cases. Moving forward, it is important for arthroplasty surgeons performing THAs to evaluate the different implants available and choose the most appropriate type for the patient. Increased modularity, while an attractive option, may not be suited for routine use; rather, may be best utilized in complex revisions.
How Do We Get There?
While this study is ground-breaking, the focus should be on the future of implants utilized in THA. As suggested, further studies of other wellfunctioning THAs with different materials is warranted, but so are studies comparing these well-functioning modular stems to well-functioning monoblock stems, especially as it applies to the mitigation of adverse events and improvement of value of care. Larger, multicenter prospective studies should be considered to compare the number needed to harm, inflation-adjusted mean costs-differences, and quality-of-life measures (such as the SF-12) between modular and monoblock stem recipients. Many academic institutions currently maintain joint registries that contain such variables or its derivatives. As such, interinstitutional collaboration may confer the sample size necessary to conduct such a comparison of stems, as well as a more cost-effective way of conducting larger scale investigation. In order to report on the uncommon condition of ALTR, a national registry of modular stems used in THA would be needed. It may be of academic merit to begin prospectively collecting this data at many institutions to conduct such studies when statistically feasible.
Additionally, future studies should assess surgical and patient-specific factors associated with modular neck fretting and corrosion. Such studies should use cobalt-chromium serum ion levels, in addition to metal-artifact MRI to ascertain inflammatory response as it relates to patient-level demographics and procedural differences. A multicentered approach to analyzing these factors would be necessary, as a one to one match of stems with signs of corrosion and fretting from retrieval studies, to patients without evidence of corrosion and fretting, would yield the most reliable results. The best statistical test to identify the most concerning influences on corrosion and fretting would be a regression analysis, utilizing both the surgical and the patient-specific factors like surgical approach and race, for example. Conducting these studies will provide guidance for orthopedists and researchers on how to best improve quality of care and outcomes for THA recipients receiving modular stems.
